DIABETES INSIPIDUS is a well recognized sequel of head injury (Porter and Miller, 1946) and the clinical signs and symptoms of hypopituitarism have been described after head injury (Witter and Tascher, 1957) . These are well reviewed by the above authors and need not be repeated in the present account, which is concerned with the morbid anatomical findings in the anterior hypothalamus in 106 consecutive autopsies of patients dying soon after severe, acute closed head injuries, i.e. injuries in which the brain was not penetrated by fragments of bone or any foreign substance.
dying soon after head injuries. These included anterior lobe infarcts, posterior lobe haemorrhages and partial or complete transection of the stalk. They described how stalk lesions produced anterior lobe infarction by damaging the portal blood supply via the long portal vessels, and diabetes insipidus by denervating the posterior lobe. There is no doubt that these stalk and pituitary lesions are of the utmost importance. However, their existence will only be incidentally confirmed in the present series which sets out to show that lesions higher in the hypothalamus are often present after head injury and should be considered in conjunction with stalk and pituitary lesions when the morbid anatomical basis of post-traumatic hypopituitarism is under examination.
RESULTS
The present autopsy series consisted of 106 patients dying consecutively soon after acute closed head injury.
Preliminary autopsies which prompted this present series showed that microscopically visible lesions were frequently seen in the anterior hypothalamus between the coronal levels of the lamina terminalis and the infundibular recess. Thus following a full autopsy, the brain in each case was fixed in 10 per cent formal saline for more than two weeks. Blocks including the anterior hypothalamus were taken and embedded in paraffin wax. Sections were stained with haematoxylin and eosin, methasol fast blue and cresyl violet or solochrome cyanin for myelin sheaths and Glees silver impregnation for axons.
About half of the injuries were received as a result of road traffic accidents and the majority of the remainder were injuries to children and old people in their homes.
The age distribution of the total 106 patients is shown in fig. 1 Table I shows that more males than females had hypothalamic lesions. The hypothalamic lesions present in 45 (42-5 per cent) of the 106 patients were bilateral in 24 of them. They were of two main types. These were small haemorrhages termed microhcemorrhages, which were present in 31 patients and regions of ischajmic necrosis termed ischcemic lesions, which were present in 26. Both kinds of lesions were present together in 12 cases.
In 31 patients lesions occurred in a somewhat haphazard manner throughout the anterior hypothalamus. These were mainly the ischsemic lesions ( fig. 4 , Plate XI), but the microhasmorrhages sometimes tended to be anatomically localized in definite regions of the hypothalamus. In 8 patients this was in the subependymal paraventricular nuclei; in 4 it was in the lateral hypothalamus amongst the fibres of the median fore-brain bundle (fig. 5) ; in 6 it was in the supraoptic nuclei ( fig. 6 ) and in 2 it was in the region of the median eminence of the infundibulum.
The only clinical factor that could be accurately correlated in this series of patients who were almost uniformly comatose during the whole of their time in hospital, was the presence or absence of a lucid interval of consciousness following the head injury and preceding the final coma. A lucid interval of minutes or longer was present in 15 of the 45 cases with hypothalamic lesions, and in 19 of the 61 with no hypothalamic injury. Thus there was no difference and hypothalamic lesions are compatible with a return of consciousness in some cases. An attempt was made to assess the site of major impact to the head in relation to the presence or absence of hypothalamic lesions. Table II shows the findings in those patients in whom this was possible. There were relatively fewer fronto-occipital and more temporoparietal blows in the patients with hypothalamic damage. There was no difference in the frequency of skull fractures. 37 (82 per cent) of the 45 patients with hypothalamic lesions and 54 (88 per cent) of the 61 with no hypothalamic lesions had fractures of the skull, but there did appear to be some preponderance of fractures involving the middle fossae in patients with hypothalamic lesions. This is shown in Table III . Cortical laceration and contusion occurred with equal frequency in patients with hypothalamic lesions and in those without them. Only one of the 45 cases with hypothalamic lesions had no cortical laceration or contusion, and 6 of the patients without hypothalamic lesions had no cortical lesions. Thus if cortical lesions are taken as an index of the severity of the head injury, the great majority of hypothalamic lesions occurred in severe head injuries such as made up the bulk of this series, but they could occur in the less severe ones.
Macroscopically notable atheroma of the cerebral arteries made no difference to the incidence of hypothalamic lesions, either ischaemic or hasmorrhagic. It occurred in 16 of the 45 patients with hypothalamic lesions, and in 20 of the 61 without them.
Evidence of cerebral anoxia as shown by necrosis of neurons in the cornu Ammonis, was present in 15 of the 45 patients with hypothalamic lesions and in 15 of the 61 without them. Thus there was no significant difference, nor was there any difference in the type of lesion.
The gastric and duodenal mucosa was examined with special care and lesions were found in 6 of the 106 cases. These are shown in Table IV . It can be seen that 4 cases with hypothalamic lesions had gut lesions and 2 of those without. All 6 cases had temporal lobe laceration and all except one had frontal laceration. The pituitary gland was examined in 53 of the patients. Lesions, either infarcts or hemorrhages, were present in 14 (28 per cent) of the cases. 8 of these (38 per cent) occurred in the 21 cases with hypothalamic lesions, and 6 (19 per cent) in the 32 patients with no hypothalamic lesions. Haemorrhage into the dural capsule of the gland was much commoner than lesions within the gland, but probably of little significance. Thrombosis of pituitary vessels, as described by Daniel and Treip (1961) was not seen. Table V shows the distribution of the ischaemic and hasmorrhagic lesions, infarcts being confined to the anterior lobe. Two patients had haemorrhages in both the anterior and posterior lobes. There was no predominance of basal fractures of the skull in any group. The general impression from these findings is that there is a tendency for hypothalamic and pituitary lesions to occur together in the same patients.
There appeared to be some connexion between secondary brain-stem haemorrhage and hypothalamic lesions. 28 (62 per cent) of the 45 patients with hypothalamic lesions had secondary brain-stem lesions, whereas 31 (51 per cent) of the 61 without hypothalamic lesions had them.
DISCUSSION
The population of the present series is a typical and fairly representative crosssection of the incidence of closed head injuries from different causes occurring in an industrially advanced urban community.
Comparison of figs. 2 and 3 shows a greater incidence of hypothalamic lesions in younger people. One may postulate that the smaller, firmer brain of the old person is less likely to suffer internal shearing strains of nerve fibres and blood vessels within the cerebral hemispheres. This is pure speculation. Table I shows a greater incidence of males with hypothalamic lesions, almost certainly due to the greater number of young males who suffer severe head injuries.
The actual cause of the hypothalamic lesions found is not certain. The ischaemic lesions were almost certainly due to shearing of small perforating vessels at the time of impact. Many of the haemorrhages, or microhaemorrhages, may have been of similar pathogenesis. They are seen often enough elsewhere in the brain where they are often accompanied by encephalolysis of the white matter due to the shearing of nerve fibres (Rand and Courville, 1934, and Strich, 1961) . However, the microhaemorrhages localized to the various hypothalamic nuclei bear a remarkable resemblance to lesions found in fatal cases of ruptured cerebral aneurysms (Crompton, 1963) . It was thought in these latter that venous engorgement due to raised intracranial pressure might be a pathogenetic factor, and it is possible that this is also the cause in the patients with head injuries. Some of the retinal haemorrhage seen in fatal head injuries (personal observation) could be accounted for in the same way. Thus not all the hypothalamic lesions found at autopsy may have resulted from injury due to the primary impact. Such lesions have not been reported in the literature as being secondary to cerebral herniation or displacement, and this is not the author's experience.
The fact that a lucid interval of consciousness before final coma was equally common in cases with and without hypothalamic lesions suggests that these lesions, many of which undoubtedly do occur at the time of impact, are compatible with consciousness. Table II shows that if the site of impact is analysed in relation to hypothalamic lesions, there is an impression that there are more temporo-parietal and fewer fronto-occipital blows in patients with hypothalamic lesions. Presumably the forces most likely to shear hypothalamic vessels are from side to side, with the upper hypothalamus moving more than the lower. This is supported by the information in Table III , which suggests a large number of fractures of the middle fossa of the skull base in persons with hypothalamic lesions.
It was thought that arteriosclerosis might render the perforating arteries to the hypothalamus more likely to rupture with shearing strains, and ischaemic lesions more likely to occur if they were narrowed by atheroma, but the figures gave no indication of this. Similarly, it was thought that poor cerebral oxygenation such as could be due to coincident chest injury might increase the incidence of hypothalamic ischaemic lesions. Using the presence of necrosis of the cornu Ammonis as an indication of cerebral anoxia, no such connexion was found. It appears that the harder arteries and poorer oxygenation of the elderly brain do not increase the risk of hypothalamic lesions. This agrees with the implications of figs. 2 and 3.
Acute gastric or duodenal lesions ranging from interstitial haemorrhage in the mucosa and muscle coat to large kissing ulcers were present in 4 of the 45 persons with hypothalamic lesions and in 2 of the 61 without them. These figures do not mean anything, except that they bear out the occurrence of these lesions in acute head injury. The presence of frontal and temporal laceration is likewise of no significance as these are the commonest cortical lesions due to closed head injury.
The incidence of pituitary lesions (28 per cent) was not as high as in the 152 fatal cases of Daniel and Treip (1961) , who found these lesions in two-thirds of them. This may be due to their examination of the pituitary being more detailed than in the present series. The incidence of infarcts of the anterior lobe was about the same as theirs. The nature of the lesions was identical to their description, ranging from common capsular haemorrhages through the interstitial haemorrhages of the posterior and anterior lobes to the infarcts of the anterior lobe with characteristic peripheral sparing.
It is probable that lesions of the hypothalamic supra-optic nuclei and infundibulum will produce diabetes insipidus in the same way as stalk transection, by denervating the posterior lobe of the pituitary. The higher the lesions are, the more likely the anterior lobe is to be spared from infarction as its portal vessels will not be involved.
It might have been expected that basal fractures, especially those across the pituitary fossa, would increase the incidence of pituitary lesions. This did not appear to be so, perhaps emphasizing the importance of stalk damage as opposed to actual lobar damage.
Table V hints at a connexion between hypothalamic and pituitary lesions, which suggests that the main damage to the complex is in the lower hypothalamus, infundibulum and upper half of the stalk. This is what one would be led to expect when surmising that movement of the brain within the skull would damage the pituitary stalk and the perforating vessels to the hypothalamus from the anterior cerebral arteries, at about the same level; the base of the brain. Wolman (1956) and others before him showed that small anterior lobe infarcts can be due to raised intracranial pressure and raised blood pressure. This must be borne in mind, but it is most unlikely that this is the cause of the majority of pituitary lesions found following head injuries.
There was a suggestion that patients with hypothalamic lesions developed secondary brain-stem lesions. This was not pronounced and it is unlikely that it offers any effective support to the assertion of Ishii (1966) that there is a hypothalamic centre which controls cerebral vascular tone and hence the intracranial pressure. However, the possibility of cerebral oedema resulting from hypothalamic damage is still very real. SUMMARY A detailed pathological examination of 106 fatal cases of acute closed head injury showed that ischaemic or haemorrhagic lesions of the anterior hypothalamus were present in 42-5 per cent. These lesions were most frequent in young people. They were compatible with consciousness and most often followed temporo-parietal blows. They were often associated with fractures of the middle fossa. They tended to be associated with infarction or haemorrhage in the pituitary, probably because injury near the pituitary stalk would damage both the hypothalamic perforating vessels and the pituitary portal vessels. Haematoxylin and eosin >;2.
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